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A B S T R A C T

This study investigated how children's 24-hour (24-h) movement behaviours were affected by SARS-CoV-2
(COVID-19) in the Kingdom of Saudi Arabia. Previous research examined 24-h movement behaviours in Saudi
Arabia seven months after the World Health Organization (WHO) declared COVID-19 a global pandemic. This
repeat cross-sectional study examined changes in 24-h movement behaviours 12 months after the WHO decla-
ration. The Time 2 survey repeated five months (1 March – 15 May 2021) after Time 1 survey (1 October – 11
November 2020). The survey was distributed to parents of children aged 6–12 years across Saudi Arabia via an
online survey. Children were classified as meeting 24-h movement guidelines if they reported uninterrupted sleep
for 9–11 h per night, � 2 h of recreational sedentary screen time (RST) per day and � 60 min of moderate-to
vigorous-intensity physical activity (MVPA) per day. A total of 1 045 parents from all regions of Saudi Arabia
responded (42.4%). Only 1.8% of children met all components of the guidelines, compared to 3.4% in Time 1. In
the present study, girls spent more days per week in MVPA � 60 min duration than boys (3.0 vs 2.6; p ¼ 0.025),
while boys had spent more days per week engaged in activities that strengthened muscle and bone than girls (3.0
vs 2.8; p ¼ 0.019). Healthy levels of physical activity (PA), sedentary behaviour (SB) and sleep further declined in
Saudi children five months after the Time 1 survey. These challenges require urgent intervention to ensure
children's movement behaviours improve as Saudi Arabia moves out of the COVID-19 pandemic.
Introduction

One of the health consequences of lockdowns associated with the
COVID-19 pandemic has been on the movement behaviours of school-
aged children.1 In this paper, movement behaviours refer to physical
activity (PA), sedentary behaviour (SB) – including screen time (ST) and
sleep.2 Globally, many countries enforced restrictions that resulted in
school-aged children not attending school, with classes delivered
remotely.3 A systematic review4 that included six studies from Australia,
Croatia, China, Canada, Latin America (Brazil, Chile, Colombia), and
Europe (Italy and Spain) investigated changes in PA and SB from before
to during the COVID-19 lockdown. These studies reported a decrease in
children's PA levels, and five studies reported increases in SB. A subse-
quent study from Spain showed similar results.5 We conducted an initial
study in the Kingdom of Saudi Arabia6 which investigated the impact of
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COVID-19 on children's 24-hour (24-h) movement behaviours early in
the pandemic, using the World Health Organization (WHO), Australian
and Canadian guidelines (as no Saudi 24-h movement guidelines
currently exist).2,7,8 We found that children's PA levels declined, they
slept more, and their use of electronic screen devices significantly
increased. To date, only two studies have examined the changes in
movement behaviours at two time points during COVID-19 and both
reported decreases in PA levels and increases in SB at Time 2 compared to
Time 1.9,10 Neither of these two studies were from the Eastern Medi-
terranean region, a region where there has been a noticeable gap in the
literature. We hypothesize that COVID-19 has a negative impact on Saudi
children's 24-h movement behaviours. The purpose of this study was to
investigate the five-month changes in movement behaviours among
children in Saudi Arabia, at a time when there were governmental
restrictions.
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Abbreviations

COVID-19 SARS-CoV-2
M Mean
MVPA Moderate-to Vigorous-Intensity Physical Activity
N Number
P Probability
PA Physical Activity
RST Recreational Sedentary Screen Time
SAR Saudi Riyal
SB Sedentary Behaviour
SD Standard Deviation
SPSS Statistical Package for the Social Sciences
ST Screen Time
TV Television
US United States
VG Video Games
WHO World Health Organization
PE Physical Education
24-h 24-hour
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Methods

The methods of this study were identical to those reported in the
previous (Time 1) study.6 This repeat cross-sectional study (Time 2)
collected data between March and May 2021. The survey was promoted
across all 13 regions of Saudi Arabia through the Education Policy
Research Centre at the Saudi Ministry of Education in Riyadh to all
elementary schools as well as on social media (Twitter and WhatsApp).
Approval was obtained from the Ministry of Education in Saudi Arabia
(2639/2021) and the Human Research Ethics Committee at the Univer-
sity of Wollongong, Australia (HE288/2021).

For the survey to be submitted parents were required to complete all
of the survey questions. The Time 1 survey6 was conducted between
October and November 2020 in autumn (temperatures ranged between
24 �C [75 �F] andþ 40 �C [104 �F] in September, and between 14 �C [57
�F] and þ 27 �C [81 �F] in November), and during school days (remotely
delivered classes online), with governmental restrictions due to
COVID-19, which resulted in schools suspended. The Time 2 survey was
conducted during spring (temperature ranged from þ 14.5 �C [58 �F] to
þ 28 �C [83 �F] in March, and fromþ 24 �C [75 �F] toþ 39 �C [102 �F] in
May) and during school days (remotely delivered classes) with similar
governmental restrictions. During Time 2, there was a 20-day school
holiday period. During the remotely delivered classes period in Time 1
and Time 2, there were no active physical education (PE) classes online.
Schooling started at 3:30 p.m. (remotely) and ended at 7 p.m.

Data collection

Parents of healthy children aged between 6 and 12 years who were
living in Saudi Arabia were invited to participate in the study. A link to an
online survey in Arabic, using the Qualtrics platform, was provided to
parents. The survey was designed to take approximately 10 min to
complete and consisted of three parts: parental and child demographics,
child's current movement behaviours, and changes in child's movement
behaviours as a result of COVID-19. Before answering the survey, parents
were provided with an online parent information sheet and consent form
as the first page of the survey. Parents were asked to complete a separate
survey if they had more than one child (aged 6–12 years).

Survey

The survey was based on two previous surveys: a parental survey of
young children's movement during COVID-1911 and the Children and
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Youth Movement and Play Behaviours Survey.12 It was translated into
Arabic and back-translated into English to ensure the appropriateness of
the questions.

Child and parent data including birth, sex, region of residence,
parental education, and income were assessed using standard ques-
tions.11 Children's sleep duration, PA duration, and SB were
proxy-reported by parents. Using a 5-point Likert scale ranging from “a
lot worse” (score ¼ 1) to “a lot better” (score ¼ 5), parents reported the
balance of their children's overall healthy movement behaviours
compared to before the COVID-19 outbreak.

Sleep quality was measured on a scale of 1–7, with 1 indicating “very
difficult to settle to sleep” and 7 indicating “settles and drifts off to sleep
within a few minutes”.

Children were classified as meeting the recommendation of the WHO,
Australian and Canadian guidelines, if they reported uninterrupted sleep
for 9–11 h per night, meeting the SB recommendation if they reported no
more than 2 h of recreational sedentary screen time (RST) per day and
meeting the PA recommendation if they reported � 60 min of moderate-
to vigorous-intensity physical activity (MVPA) per day.2,7,8 Selected
items that were used in the current study are listed in Appendix A (the full
survey is available in Appendix B).

Statistical analyses

Statistical analyseswere carriedout inStatistical Package for theSocial
Sciences (SPSS, version 28, Chicago, IL, USA). Sample characteristicswere
summarized using means and standard deviations (SD) for all variables
and the percentage of children meeting the 24-h movement guide-
lines.2,7,8Genderdifferences in time spent inPA, SB, and sleep and inusing
social media were analysed using an independent samples t-test. A forest
plot was used to present the parent-reported changes in 24-h movement
behaviours of the children during the first (October to November, 2020)
and the second time (March to May, 2021) of the COVID-19 pandemic.
Statistical significance was set at p < 0.05 for all analyses.

Results

Parents and children characteristics

Table 1 shows the demographics of the parents who responded to the
survey. Of those parents who expressed an interest (n ¼ 2 464), 1 045
completed the survey (42.4%). Of these, 88.6% were Saudis and 11.4%
were non-Saudis. The respondents included 587 mothers (56.2%) with
an average age of 42.6 (� 9.2) years. The mean age of the children was
8.7 (� 1.9) years. Fifty-one percent of the study sample were girls. The
parents’ average monthly income was $4 355. Most parents had bache-
lor's adegree (47%). Just under half of the sample of children were boys
(49.2%). Compared with the Saudi population, our sample comprised
more females, was slightly older, and had a similar monthly income and
education level.13–15

Children's current behaviours and changes in behaviours during COVID-19

Table 2 reports time spent on movement behaviours and the pro-
portion of childrenmeeting the guidelines during the COVID-19 outbreak
in Saudi Arabia. Girls spent significantly more days/week in MVPA � 60
min than boys (p ¼ 0.025); however, boys spent more days in activities
that strengthened their muscles and bones (p¼ 0.019). For the remainder
of the behaviours (sleep duration and quality; ST and playing outside),
there were no significant differences between boys and girls.

Regarding the proportion of children meeting the 24-h movement
guidelines,2,7,8 only 1.8% met all three of the 24-h movement behaviour
recommendations. When examining the behaviours separately, 26.8% of
children met the sleep guidelines, 18.2% met the PA recommendation
and 12.8% met the SB recommendation. The proportion of girls who met
the PA and RST recommendations was significantly higher than boys (p<



Table 1
Parent and child characteristics at Time 2 (n ¼ 1 045).

Study sample

Age (years), M (SD) 42.6 (9.2)
Parent/caregiver's relationship to the
child participating in the study, n (%)

Mother 587 (56.2)
Father 458 (43.8)

Nationality, n (%) Saudi 926 (88.6)
Non-Saudi 119 (11.4)

Education level, n (%) Primary school 43 (4.1)
High school 220 (21)
Diploma 97(9.4)
Bachelor's degree 491 (47)
Master's degree 133 (12.7)
PhD 61 (5.8)

Living region, n (%) Al-Riyadh 334 (32)
Al-Jouf 39 (3.7)
Al-Qassim 36 (3.4)
Al-Bahah 16 (1.7)
Asir 44 (4.2)
Eastern Province 124 (11.8)
Hail 26 (2.4)
Jazan 14 (1.3)
Mecca 308 (29.6)
Medina 39 (3.7)
Northern Borders 21 (2)
Najran 13 (1.2)
Tabuk 31 (3)

Monthly income (SAR), n (%) 0–3 000 137 (13.3)
3 000–7 000 107 (10.2)
7 000-10 000 135 (12.9)
10 000–15 000 320 (30.6)
15 000–20 000 238 (22.7)
20 000þ 108 (10.3)

Child demographic profile
Age (years), M (SD) 8.7 (1.9)
Gender, n (%) Boys 514 (49.2)

Girls 531 (50.8)

M ¼ Mean, SD ¼ Standard Deviation, SAR ¼ Saudi Riyal, n ¼ number.
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0.000 1, 0.001, respectively). However, more boys met the sleep
recommendation (p ¼ 0.048).

Table 2 also reported parent perceived changes in their child's
movement behaviours during the COVID-19 outbreak. Children's
perceived combined indoor PA and sport significantly decreased
compared to before the COVID-19 outbreak (an average of 2.61 points (a
5-point Likert scale ranging from “a lot worse” [score ¼ 1] to “a lot
better” [score ¼ 5]) out of 5.0, p ¼ 0.037). Boys were perceived to have
significantly more sleeping time than girls (average of 3.93 vs 3.79 points
out of 5.0, p ¼ 0.041). Notably, 70% of children had an electronic screen
device in their bedroom.

New ways families are approaching movement behaviours

Parents were asked if there was an inside leisure activity or hobby
that their child was doing a lot more during the COVID-19 outbreak, and
22.8% of parents answered yes. These included drawing (25%), playing
soccer (18.2%), playing Intelligence Quotient games (21.3%), playing
ping pong (11%), playing chess (9.2%), playing in the backyard (8.2%),
doing handcrafts (2.9%), reading (2.1%), and learning new languages
(2.1%). Only 11% of parents indicated their child was involved in a lot
more outside leisure activity or hobbies during the COVID-19 outbreak.
These included playing soccer (29%), hiking (26.7%), running or
walking (24.2%), martial arts (6.1%), biking (4.9%), playing archery
(4.6%), and swimming (4.5%).

Comparison between Time 1 and Time 2 during the COVID-19 outbreak

Table 2 compared the results from Time 1 to Time 2 in terms of how
movement behaviours have been affected by COVID-19 among Saudi
children. For the entire sample, therewere significant differences between
Time 1 and Time 2, for all considered variables (p < 0.000 1), except for
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sleep quality. These differences showedadecrease in children'sMVPAand
playing outside, and an increase in activities to strengthen muscles and
bones, ST, and sleep duration. The analysis of the results for girls and boys
separately was in line with the total sample results, with the exception of
activities to strengthen muscles and bones, where there was not a signif-
icant change for boys. The proportion of the total sample (boys and girls)
meeting the MVPA, RST, sleep, and the 24-h combined guidelines signif-
icantly decreased (p < 0.000 1) in Time 2 compared to Time 1.

As seen in Fig. 1, parents perceived changes in children's movement
behaviours from Time 1 to Time 2 significantly decreased (p < 0.000 1),
including children's outside and inside PA and sport and sleep quality,
while sleep duration, watching television (TV) or playing sedentary video
games, and the use of social media significantly increased (p < 0.000 1).

Discussion

Thefindings of this study confirmedourhypothesis thatCOVID-19has a
negative impact on Saudi children's 24-h movement behaviours. This
repeated cross-sectional study assessed the impact of COVID-19 restrictions
onmovementbehavioursof Saudi childrenduring theperiodMarch toMay,
2021, compared with our initial results from October to November, 2020.
The results showed that only 1.8% of children (1.6% of boys and 2.1% of
girls) met all recommendations of the 24-h movement guidelines. Twenty-
seven percent of childrenmet the sleep recommendation, 18.2%met thePA
recommendation and 12.8% met the SB recommendation compared to
Time 1 where 57% met the sleep recommendation, 35.7% met the PA
recommendation and 15.2%met the SB recommendation.

The results of the comparison between Time 1 and Time 2 showed
that COVID-19 had a significant impact and affected children's move-
ment behaviours negatively within a short period of time. The percentage
of children meeting the combined 24-h movement guidelines in Time 2
decreased significantly when compared to Time 1. Our findings are
consistent with the results of a Canadian study9 which reported a
decrease in the proportion of children who met movement guidelines in
Time 2 (4.5%) compared to Time 1 (4.8%) due to the impact of
COVID-19. However, our results showed that the percentage of girls who
met movement guidelines was higher than of boys (2.1% vs 1.6%). Our
findings are also consistent with the results from nine European coun-
tries10 which showed that 9.3% of children met the WHO PA recom-
mendation in Time 2 compared to 19% in Time 1, while the proportion of
children who did not meet RST recommendation was high in both phases
(60.6% [weekdays] and 47.7% [weekend days] in Time 2 compared to
69.5% [weekdays] and 64% [weekend days] in Time 1).

These results were somewhat expected as tighter government re-
strictions were introduced over the course of the COVID-19 pandemic
which further limited children's opportunities to play outdoors,15 which
has been shown to be positively associated with children's PA levels.17

School closures could be another reason for the decrease in children's
PA levels, as children, in general, were more physically active at school
pre-COVID-19.12 A study involving 785 Canadian children (10.57 � 0.7
years)18 and a systematic review of 68 studies19 showed that not walking
to school was associated with a decrease in PA levels. Furthermore, as
there were no active PE classes online, this may have contributed to a
further reduction in children's PA levels. A European study showed that
57% of children who were active during online PE classes during the
COVID-19 outbreak met the WHO PA recommendations.16

The sleep patterns of children in the current study have been affected
by policy changes as a result of the COVID-19 pandemic. To ensure
working parents could assist children in their schooling, the Saudi Min-
istry of Education mandated that schooling started at 3:30 p.m. (online)
and ended at 7p.m. These changes to daily routines may also have
affected the time that children went to sleep. In addition, the absence of a
structured day time schedule could have further hindered opportunities
to meet ST and PA recommendations, as shown in a study conducted on 8
395 children from 10 European countries.16

In the present study, school-aged children had a school holiday for 20



Table 2
Comparison of five-months changes in children's movement behaviours during the COVID-19 outbreak.

Total sample Girls Boys

Oct 2020 (n
¼ 1 021)

Mar 2021 (n
¼ 1 045)

p value Oct 2020 (n
¼ 616)

Mar 2021
(n ¼ 531)

p value Oct 2020 (n
¼ 405)

Mar 2021
(n ¼ 514)

p value

Children's movement behaviors, M (SD)
MVPA � 60 min (days/week) 4.52 (2.40) 2.77 (2.67) < 0.000 1 4.51 (2.40) 2.95 (2.69) < 0.000 1 4.54 (2.41) 2.58 (2.67) < 0.000 1
Activities to strengthen
muscles and bones (days/
week)

2.59 (2.37) 2.89 (1.96) < 0.000 1 2.52 (2.34) 2.75 (2.05) 0.08 2.70 (2.42) 3.03 (1.85) 0.21

Sleep (h/day) 9.68 (2.26) 11.28 (2.22) < 0.000 1 9.76 (2.42) 11.30 (2.15) < 0.000 1 9.55 (1.99) 11.25 (2.28) < 0.000 1
Sleep quality 5.40 (1.99) 5.39 (1.82) 0.93 5.38 (2.05) 5.46 (1.85) 0.51 5.43 (1.91) 5.33 (1.78) 0.40
ST � 2 h (days/week) 5.39 (2.19) 4.95 (1.89) < 0.000 1 5.26 (2.21) 4.84 (1.97) < 0.000 1 5.60 (2.15) 5.06 (1.80) < 0.000 1
Playing outside (h/day) 2.19 (1.34) 1.57 (1.03) < 0.000 1 2.15 (1.33) 1.62 (1.11) < 0.000 1 2.26 (1.36) 1.52 (0.93) < 0.000 1

Proportion of children meeting the WHO/Australian/Canadian guidelines (%)
MVPA 35.7 18.2 < 0.000 1 32.6 19.8 < 0.000 1 35.1 16.5 < 0.000 1
ST 15.2 12.8 < 0.000 1 16.6 14.3 0.001 13.1 11.3 < 0.000 1
Sleep 56.9 26.8 < 0.000 1 55.6 24.3 < 0.000 1 58.8 29.4 < 0.000 1
24-h combined 3.4 1.8 < 0.000 1 3.57 2.1 < 0.000 1 2.47 1.6 < 0.000 1

Five-months changes in children's movement behaviours during COVID-19 outbreak, M (SD)
PA or sport outside 2.16 (1.27) 1.76 (1.16) < 0.000 1 2.19 (1.22) 1.75 (1.12) < 0.000 1 2.11 (1.34) 1.78 (1.20) < 0.000 1
PA or sport inside 2.78 (1.26) 2.61 (1.06) < 0.000 1 2.85 (1.26) 2.54 (1.07) < 0.000 1 2.68 (1.23) 2.68 (1.04) < 0.000 1
Watches TV or sedentary VG 3.28 (1.23) 4.10 (1.26) < 0.000 1 3.49 (1.26) 4.03 (1.30) < 0.000 1 2.72 (1.18) 4.18 (1.22) < 0.000 1
Uses social media 3.54 (1.87) 3.76 (1.31) < 0.0001 4.08 (1.85) 3.73 (1.34) < 0.0001 2.60 (1.90) 3.80 (1.27) < 0.000 1
Sleep quantity 3.15 (0.94) 3.86 (1.10) < 0.000 1 3.17 (0.96) 3.79 (1.15) < 0.000 1 3.12 (0.91) 3.93 (1.04) < 0.000 1
Sleep quality 3.06 (0.95) 2.80 (0.93) < 0.000 1 3.07 (0.96) 2.84 (0.97) < 0.000 1 3.04 (0.93) 2.77 (0.89) < 0.000 1
Overall healthy movement
behaviours

2.78 (1.03) 2.90 (0.83) 0.01 2.83 (1.02) 2.91 (0.89) 0.14 2.71 (1.04) 2.88 (0.77) 0.01

n¼ number, p¼ probability, MVPA¼Moderate-to Vigorous-Intensity Physical Activity, ST¼ Screen Time, 24-h¼ 24-hour, WHO¼World Health Organization, COVID-
19 ¼ SARS-CoV-2, M ¼ Mean, SD ¼ Standard Deviation, PA ¼ Physical Activity, TV ¼ Television, VG ¼ Video games.
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days during Time 2, which may have negatively impacted their move-
ment behaviours.20 A study investigated the changes in sleep and PA of
154 United States (US) school-aged children (5–9 years) showed that a
1-week holiday had a negative impact on sleep, while a 3-week holiday
had more increase in children's SB (33 min) and decrease in MVPA (12
min) per day.21 The structured days hypothesis indicates that during the
unstructured days (e.g. school holidays), children's sleep, SB, and PA are
less regulated compared to structured days (e.g. school days),19 there-
fore, there might be fewer opportunities for children to meet the 24-h
movement guidelines during school holidays. This could be another
reason that may explain the decline in children's movement behaviours.

The number of children in this study who had an electronic screen
device in their bedroom increased from Time 1 (40%) to Time 2 (70%).
This may explain the decrease in the proportion of children meeting the
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ST recommendation, as having these electronic screen devices in chil-
dren's bedrooms negatively affects their sleep quality and duration.22 Our
numbers align with what was reported in a study from the US which
indicated that 75% of US children, aged 6–17 years (mean age: 11.4), had
an electronic screen device in their bedroom.23 The authors reported that
90% of children had insufficient sleep time and that having household
rules and regular sleep-wake routines may encourage children to have
better sleep.23

As the data of this repeated cross-sectional study were from all the 13
regions of Saudi Arabia, there may be some differences and disparities
between urban and rural areas in meeting the recommendations of
movement behaviours due to the level of government restrictions and
COVID-19 infections in each region. In addition, there are differences in
the climate of the 13 regions in Saudi Arabia due to its large area. The
Fig. 1. Parent-reported changes in 24-h movement
behaviours in Saudi children (6–12 years) during the
first (October 2020) and second time (March 2021) of
the COVID-19 pandemic. Scores are based on a 5-
point scale ranging from “a lot less” (score 1) to
“about the same” (score 3) to “a lot more” (score 5).
Green arrows represent when October 2020 (Time 1)
scores ranked less compared with March 2021 (Time
2) within the same variable. Red arrows represent
when October 2020 (Time 1) scores ranked higher
compared with March, 2021 (Time 2) within the same
variable. PA ¼ physical activity. VG ¼ video games.
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climate is moderate in the west and the southwestern areas, hot in the
interior areas, and hot and humid in the coastal areas.24 These differences
in the weather may play an important role in meeting 24-h movement
guidelines as reported in a study that examined the relationship between
climate indicators and daily detected COVID-19 cases in Saudi Arabia
which showed a positive association between the spread of COVID-19
and temperature among the top Saudi cities (Riyadh, Jeddah, Makkah,
Madinah, and Dammam) affected by COVID-19.25

Strengths and limitations

This study is the first known from an Arabian country to provide data
on school-aged children's 24-h movement behaviour at two points of time
during the COVID-19 outbreak. Moreover, this study provided data across
all the 13 regions of Saudi Arabia since there is no nationally representa-
tive data of 24-h movement behaviours during the COVID-19 outbreak. A
limitation of the study is that movement behaviours were assessed via a
parent survey as collecting data using device-based measures on a large
sample was not possible due to the COVID-19 restrictions. As the data were
anonymous, the differences from Time 1 to Time 2 could be due to dif-
ferences in the samples, in addition to COVID-19.

Conclusion

This follow-up study provided evidence of the impact of the COVID-
19 restrictions on Saudi children's movement behaviours and investi-
gated the changes in these behaviours over the two time periods during
the COVID-19 restrictions. Due to the difference in the COVID-19 infec-
tion rate in several regions of Saudi Arabia, it is recommended for future
studies to be conducted by region. As no Saudi 24-hmovement guidelines
currently exist, we recommend the development of such guidelines for
children in Saudi Arabia as they have significant public health benefits.
The findings of this study contribute to supporting the efforts to mitigate
the negative impact of this pandemic, as part of the response strategies,
and for future pandemics.
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